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(54) LIQUID CRYSTAL DISPLAY DEVICE 
(57)Abstract: 

PURPOSE: To make a gradational display without decreasing the 
display brightness even when the area of a half-tone display is 
increased by modulating the phase of liquid crystal applied voltage 
pulses. 

CONSTITUTION: A phase inverting circuit 13 rearranges 2-bit data 
which is sent for a 1-dot display in an X and a Y direction and applies 
liquid crystal applied pulses corresponding to the 2-bit display data to 
a liquid crystal panel 17 through an X driving circuit 15. The phases of 
the liquid crystal applied pulses of adjacent dots are inverted by the 
rearrangement of the data and the leading and trailing edges are 
equalized in timing. Consequently, noises accompanying to the leading 
and trailing edges cancel each other and the display brightness is 
prevented from decreasing due to an increase in the halftone display 
area. Further, a data select signal generating circuit 11 counts 
number of frames with a frame clock generated by ANDing a head line 
clock and a line clock, the counted number and display data are 
decoded, and input data are stored in line memories 3-6. 
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»3^Jll!g:«RfeilTP«E^BaiHr292»lfe tt^^ttBStttf^ 

?*^JII»«l2^TtrF«IE:^fflfflT292#lft ftSl^thBlZlMf^ 
^-7 CI u > u ^ ^ taSHBSSSff 3(trrF*i 

»^jii»«i5SmF«fB:wfflBn292»ift 



% 40 « 

UK A ft S 

^cm:^3"r^>x|^i!^^EIs6fc. tt x » ft is ift © k 

• ON* OFF- 4r^it*rfct«»fcUfeftfc& 
ft n« Si 19 . 



tfilyfcNey h®ft5tft«frMl£y h<Dft^lt 

« vcKJft-r a 3 - K ia« fc . a^Mi^s^hflsft 

Wl3KV»»rai^4cBtXh'^-f/<Rc.I h«>ft 
mk:?tbMaftijT««&^3L4Ci:fcWWfr 

2>iftAftii%iBia. 

(3) Sr^t^l I f::ffi«Oft^(fi&lc . BNtf- 
vH0ft5^tlf«&MtfyK©ftiSff«lc^K#ir 

(4) 1 ® at^ :^ > ^ u fc gjEa ^#®«!)iia 

icNt'vhOft?fcfff«fe.xK5/h:?^j$i. > 

SteEliftSrSftlt/irfcfel^ttil-rittAftaTSi 

(5) tt^-f>^^r;cowicfllfflfife0«§ & 
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K. 

(6> UiTFa- \^^3i tmm^^stt^m^z. Mtr^ 
h o « a « « X K h *k , ^ ^ 2t 

(7) ft * ^ 1 C *J v> r , » 1 K y h Sr ^ -r * 
(0«jntaM«cllllB!^SSf]S-r«Nt^^ hXU^M 

^k. LXmSim^ 9-1493 9. 3«&W^Se« 

r-* -b 1/ ^ h«#l9fci: y A, B2a 

^ r - i> U ^ 14T X mfSi(D ^ — X:>h bTX 



1*M^ 2-199498(2) 
(9) tftBlffWIr 1 V^lk y ttan^lfftt 

ft^ciS^r ^ Y fKffi@ & SiEXgEi^ilRft 

♦C^V^T, tt^i^tf«frX>^^, YT^f^fcHBtt 
a jfet/SSiL «=, « ft K y h JUte 

3 . ^ o » la <c ?8 



XI, x2. xi*cttaeiiiD><;i/x!fc A/i-r *. 

]&yii^^, Yifi:' icu, -to«^>r:/^p 

-'•e;i/;^xi.X2, - -Xi & y 8g ft B a* 16cd ^ yi, j 
«i Jbo u « T a • 

-3»A, B<0^*.. i/z TH^KSra^ tc 1 a«<^ a 
J: *J J^/i/^ I ;^&/<;i/X4 <04 aBI«>^<>^^«>'& 
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m 2mK^^>x . m^ir-^ ffi ca, b) = 
(0. 0) xKi!is«L5]^ tt/r « ler 

(A,B) = (1,1)©^. ttfiSliU''^ 

{A,B) = {0,i),(l,0) ODttft^ 
*p ;{/ >^ ^-f ;i/ >^ 2 X 14 ;i/ X 3 41 Jte y . il j^t U 

;t/x 8 ®9S«ifiM:« t ;i«9:lb«»/<ii/A24i/< 
fcb-r. :?«35t * vfta^t^if'MWft JSC y 

' 7 • 

c & 4& . 

y 1/ - > K . 
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T- * • 

i|£JQ(«K|ftA(l^lni-r«8Z£^</l/X9i«ri^9K:2 
^tJL. r <z> -'^yu cDte^-tt ic J; y w it U 

a jfe . 
j« Jto r a 4: to « *^ a o . 

• a • 

r<*2fc'5^hflD5=-3i«:W»rax:friftatfY 

UTMtf SEiL, © ife R iL €» 2 
V h(Z)a5%x-a«lc«J»rsiB[aPPAgy<^l/xfex 

X - * oifet^lfc^ J: y , |»*(5-r3.K5/S«>ttfi 
^df-^<;i/X<?)ttfflfc<R^K$tt*ti:^IC5iJiyt 

A±yicJ;*y^XtAT«y-<XfefI%«U^ 
y, ^Iz-ARfe^-^VhU, t^D^-^VhBCfc 
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to* 



5 -f > ^fttt-r a ^ Y > > * y -If A * . iitty^;!/ 
e?9ictti^'/N^' , ' sjttyjg-rm^'e 

*y - X- f 1^ h m^l9« 5 -< > D y 9 

-c * s. . 

-fVftBlfcSlC^-fl/jft-tyiAS Xtt. ^-fV;*^ 

y2i4 ic^iyi^*, 1 ^ ^ ic «t y a 

^ <^ 16 * as $ *v KIA, Xl±M2Aa:, ^ > 

* ir 

CDBf(XA,Xa)= (0,0) AS, (HA, MB) = (0,1) O 
i^CXA^XB) =(0,1)A1. (HA.NB)= (1,0)<DI*(XA,XB> 
= (l.O) *t. (HApHB) = (1,1) CD (XA,XB> = (1,1) 

Kyhr-li, A ^ - 3^ (HA,HB) = (0,0) © (XA, 
XO = (0,0) . (MA.M^) = (0, 1) (© 1^ CJ(ArXa) = (1,0) 
ffi. (MA, MB) = (1,0) C0»#{XA.XB) = (0.1)*;, (MA, 

HB)s (i,i)cop$(XA,xfi) = (i,i)*^m;e7$ K « . «r 

* i: or ffifflJRlSI3»13Ttt. A * n fi x - * 
CMA,riB) = (O,2)X«t(l,O>30S' O' «3ftKy KTx 
- ^ CDMt;g|it ;&?f^ *>tLXA,XBlC ffi ^ tv i . Iff U 
H A ^ -r - * (MA.HB) := (0, 2) O flf fiO # K V K 
ft »t a - i5i CXA.XB) ft ^TT . 

4Qlffii^^iajiftl3:0'&m;ElT^XA,XBU:l7<<>ft 

u^^i47fXAXij:xBC!>^ ^ — 

^LXD L T CiJ ;?7 S ^ 2, . 

-<>aa<^flD±fi[r-3'XD = xAfiDa5«««tifty 

-XA40«i3tr « «ii5f»« & , XI A* 6X1IC * . 

—894 
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It BB^ 2-199498(4) 

«tc«ysct>*7s-jfit.UiSF s^-grisiciyT^ — 

KS»12*ciSi,>TKAkUTaiR*Ka. 

B X - ^ 2 . ^ -< jt ^ y IBS, =7 1/ * y 2B6 

ttttjR«B@J»13iCftl^r , -fe U £r ^ 12«« 

^afcfetiCT^-^KAtHB JtXjSrifllOKty hi(i{ft& 

ttl3(^X|gttfflf'— 3fXA&l/XBfc UTttJ^^^HS. 
fit ffl JS«g 0 «frl3flE> X - * CD Mac jft A -D v> 

r »ioHp«ma *M ir^ T« wr a . 

V hH&*9it|glBl»10<5A;?J7^-*KArMB CDjfetJf 
ft^fe-titr. ^ffl * * X||g»ffl7=-3»XA,X, 4: L 

XRISffl ^-^ ^ XA,X, t I^TAJ^J-*- * . -r 
'fct)*.. 55 * -5 tc. J^IOH-C' - ' ^ 

arc S ^vfc K y K -C tt, A A x — 5^ (« A , HB) = (0,0) 

* 6 »C X IP 8& @ SB 15 A« Jb — 3r XD( = XA) 05 7A- 

if 7-ci ^-f >i^orffi7^-^XD=cxB)fe«tyia 
(9a^t'««iScilSrAfeXl;0»^&Xik:f^;ty-ra. z.a> 

XWRl[Brff»15A*^>^j^B2iT,/=:i4m«ffiXl-XiH-t 
<0B$' -'x-r' 4: T t> 4 . Y en&BB&I5<J!) ai;5 

ywYj© 1 7 >±e?)tt* ^c^J^a * -tcDAs^ 
Iff 0 3fe3f6ftiO«3S;it- 2 . YQima/iSifitt 

ii^Jt. Ylfe' >'\^' tcL, ^Wfit^Yvi'ny^ 

-rv^^yiAsat/^Yv^-ftyiBB^cftuii*. 

5-f>;*^yiA3at^5^>>^tJlB5A»6Xiiglfr 
X- 51 MA&^^MB S:ei*a5Ux-5ri2lxi73ri4fcJ: 
y MA,MD Oir^^,**-A-Sra«U. XDtUTXH 

ttia«H5^i& y xjsg«ix-i5»Dx® isa^titjeo 

14 • 



^ > ;* ^ y U3, ^ > > ^ 1B5 A^esft^j^aiu 

ZB6 tctt. IfeCDl^-O^OD^iSx-SiAaaeB 

-r > > ^ U ^ -< V J* ^ »; 2B6 u 

S {a(C^r«(£K<D@JftiC^*t>T (A, B) = ( 

0, 1) ©a^^T^-* i j waiOT^ A* L. 

' 15- 

fc;0«. {te«Ste0»l3$:iat:;>S: ;:: t c <k y JSi2a 
Jc d tcW Sf r & K h <0 a in ;i/ X 35< 5^ 

y, raiii'-<§>5r-eizjiu. ATyfrUTwAS. 

^ ti^ ± y) ^ iLT \> t ^ Z> :l t X- . i\ ^ 

/<;i/;^A^l^^vrtJiciSjiJby, l^AT-aT 
y , 1^ « U T » a ^H7 k: ^ n h - ^ 



4»1H7 2-199498(5) 

T^yk:^eiy^'X*'*«3!RiU^ tt*fcUX«fi/<:^ 
* 6 ic., * X K sr Mc *? r . 1 9 -f > i|> fc: 1 

-ti:. A'-^ ^ a X h - ® «^ fe J^iP" 4 ^ >i «> , 
(ttll£ls@«Sl3«:ttt:r>^l»lHic»tfiaM«jAh 

amcJSlr^T, (A, B) = (0, 1) Oilat^ 

ju.^t'T^y xKs&aMi5A« ^ uifsizaicjo^-r 

r*XKy hoas^-'^A/A*^HJ&:yA4 Ky h«D 
• 16- 

KiAy. l^-fVff»0a3R>t;i/xOiCJiyx«:i5t 

u-caa/^^wn7K: * c 
« 6 Bfic5?-ra4R/^yi/ A 2 a yt^i/A a cin i; 

-r^^Xffi-e £ ^ * 0^<;b A H i: y a jj? ft 

i^>ri/4'«)x2jitJ^>rxtiFnFyy-f 
XA'.«fi[.-fL*» i^sfi *ci^j«:uri>jfei^i«y^ife* 



17 
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IB- 



2 A 3 t Sg<fc S X* 0!) K Kfl!)P»r 

;i/ X 2 ^< 3 ^< ;i/ 2 i: u s :i ^ 

tt: 1 TKvrara ^ n ^tW b }t l/n o/tyi/j^fffffi 

' 19 ' 

4^/H5©aiS»-KS:<ST$it- o ^ n ;^ s - 
«:IS^LTV^&. CA, B, C) = (0, 1, 1) 

0 iciR-r^Sc^^-'i'^ *^H7k: m 30 * *i « • 

(A, Bp c) = (0. 0, i> tm^^^^ 

AULA tl, 19i&^^^/uniX>fkmmA%iS,TtE^. 

wk: j: saa^flD^-e- 1 ra«ft, iBisis tc^-r A -5 

OfiDJrHai:LTA:^-r — iiT'^iMA, MB, M 

c cDMr/^it «f Xi.. X.. Xe^ ur xffiSbiBi 



4»H7 2-199498(6) 

. f^ — ZOm O 9 >f > >t * V 1C2U 5 Y V > »j 2C22 
&jI*PU, X — 41 -fe U 4f 12*i 1 ^ ji ira b fe. s 
fete. 9^>^Dy^9S:i^^k:3:»'tftl^*-''CA' 
;!ii?ay4yi030>^>x-4'1ru^r ^ fit 4^ ^ I& S «S 17 

>*y;&^€iK*til^iu* XlEftf^- * HA,HB,HCO 

^t., x-*tU^?^23tC*JoTl«ilOf^— * 

^9#7b. not xu^mi^ 1 s y^^^ . xm 

m^^itms^iDmmtmmviib^. (a, b, c] 

= (0, 0, i> o)$^mr- it ^ i n 0 mmm^ 

A;jibfea#, (C<Di:*C0i, jfe4i:'ri>)X 
^n*. 1/ 2«>/<yi/A«€rfflv>fcHJ»©«^«)il 

' 20* 

-t-c^ ^XA,XB,Xe^ b r x«ilfr@^ i&^m:db. 

' A' ^it-ttOKyK«)AXl5^— 41 HA.NB.HC & 
ttCf ft ^Xa(C itKB . XB^aflCS:Xc»lti^NA& £&/7 
$tir, ' O' a3tt*C0Kyh«>A)5r-J' MA, KB, 

MCSr ifet;^ ;tXA t ItHCSr , XBklliHAfi:, XClCJiffB 

(a, B, C) = (0, 
0, 1) fl>«S%7^-4i«:i?7J59a«t^AZJbfc 
1^, J«:34:-r*) 7U-a>* 

y&^bx, (KA,i!B,»c)= (0,0,1) ififdmsLm 
atc^r T^- cDifeufscit />'tT^^^^. mi^m^^ 

fXg£ftx-4r (Xa, X,, Xc) yfimf)^ tiy" 

- ^ ^ u ^ ^ i3/^iai ^ n « • 

«?SnfcT='-*XD<©Jg^T'«l3|gklat-r. -^<;UA 
1 €> A 8 «) e» 1 A /i^«f ;i/17-^ 
^*D-r*. -tC?>^*D><^I/A &»21^a^c3t-r- 
«20Bf3T»t||5J6H^:J^S'<|»»-rSK•>^ hcoBJia 
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22* 



-e CD W»T 2» K y K cD/^Cvi^x *»UlT •=» X ir^ * . 
1/2 ^^/i/Xtf ffl v> fei^ i: ra» . WS?r & K y 

±y, 3iT U y i/toK fe«/|>:S<4:. * ^ ;U 

(A. B. C) = (0. 0 1 ) 
Ittt^. (A,B,C)=:(0.1,l)©*atT^ 

. 23. 

•tit?, nCOi(|j>«lt35«3UTt», ^'<V>l^V<3Djtt 
l8^S:W&-riEIJft&n-3 <SD « ^ j9 23 S & ^ T 

V^*y2e22,cr-"4»?RC07*'-^'-t^i? hl2fe»j 

t t ^ (x*,x..Xc) ^ur. r-^-feu^^23 



f3pBB¥ 2-199498(7) 

fB21ISit, r - ^ ^ u 9 5t 23;t« i& eb^Cr « ^h.'&XD 
{ft fi IE 0 « 2 5 t- 1$ & V ^ ft A 9 la j« ic J: « tt 

i«2iEn?ii, wft-tsKy h-<o««5a 

«)«a^flijL®<aT1c WiJ^^ii:. a X h — ® 5S 

ico<ataiKfeia^25 fe^-r>ji^y® w 4c la n . 

At' — 5r B^ — ^, CTr-3r©itt/jg;itfet7^^, 
' 24 • 

^ -c 130 tc ^ -r ;i/ X I ja^ ic» A yi/ ^ a <5 ^ "& I ii/ 

A IR A i: L T ttt A ^'f ^OUC ft Jp^ 2 *v 4 . 

26«*. )($I6l9<9igiftvCAXl$nT'l^&x — 5IA, 
B.Ot'^TXi^O-eftS^, CApB) = (0* 
0)^U. (A.B,C) W ^ «>• 1 affl (3D * 1 T? 

(ArB)-(O, <A,B, 
C) © 6 ^ 2«3K J5» 1 -e**!^ (A. B) = (1 , 
0) tb. CA, B, C)t--<r75«lfiD«F{A, B) 

^-fi'X^^y, B9R5!r^-r>>^y-^4!?*Ja* 

9 > J« ^ y A* 6, S% ^^ai $ tv/cT^ - 5 HA,MB ft 
AAx-3i4iU, ffi<BKiaiBl*26-e»24H ^Cn^r• 

i/««A.;&»t545n'ttu-r^LXA,xc icm3[j**v&. xb 

(^Iftti: » k:HA(^>ffi A? -t CD * * ai.yj ^ *i a . o * y . ' 
NACDtttt, -r-iiA-e&y, 7=-irA*^ltf!)JI*tt 

A j&aiR-r & k 5 «ia5/r& y . iiA«3Dffi-e«» 



25* 
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26 



«1 ft4^0$«XBK:'9-^2 ^ (wXAXUXCVCMA® ta 

/i/x<z»^^;i/-3^i|«*« 1 ^ •< vWflB ©1/3 JWT©/<yu 

«: SfcX.IC^it. 2 i& tCXAXttXClCNAOlB 0 

J925aiC(A. B) = (0, 1) 
Xj|S*few^. Jli4t^«) »^'5 

m''</»/Ai:»14Hk:««*r^-fVj**y 3fl«:fflt>, 
* 27* 



4$M7 2-199498(8) 

yafifirfflv^, *^o(ftffiSlK@tt25fi:ttt:tfe«'& 
A feifctt-r * i: . »20HT?Jll?»*vfc 

x:&m izmm-t h^ajSc/^fl/AOAjiy, 

IZT U © Jt y ^-ic J: A*«iv^fc«>, 020 

HCDa7jK^<;bAftc<t:*«iSH!Bti: Jt k jg 27 0 o^) « 
w</<;i/AK:J:e>3ft^fliatA^^^-ei**a*'«;<TS: 

>:«ri^CDii3ttlKA^r;l:«lk':&©JffA><:^yt/I7©2y 

a A h - oiftas ail'' a It T <i . (A, B) 

^26SI(:t. ^4a£t«a tsi j»26;&« ^ ^ ^ $ n 4 X 
• 28- 



ft-?- (iA,Xfl,Yc3 fc 3i< L @ * & . IB2a@«: 
112713 CD Xi^n r"- 5( (XA,XB,XC} IC J: U XKE46 IE] 
« 1 3 f& A >^ ^ ;i/ 1 S ^ gp $ Iv ft jft n« / 1 A & 

*t4?nJ4;|ft t (A. B) = CO. 1} 0« 

CD&4gfilEBK26«^7'r V jK^ U OglT^ffitt, A 

^^^Sns. X, r©»^U:. C X - if ffi CD ^ 
> ^4 * y A' jg, 31 'i: * , * 1; » CD W « ^cl4 o 

©ffi Sr & < U /Ei«^, « j5t CD PB » » * a ^ * 

ft4i:S7S>'<;i/AflD5iJiy, dJTyic^^gia^-^'f 

* 20 ' 



i6'<T & fc:3inty^-^i>AO/^;i/A<Su:<k2)/<;uAiW 
•ecD»7[/-A^0«a^lBl«^j:yd(^tiift&{lt 

/^;i/AiSftia|R-r^ir-^frtt7L/ 

^ 4 . 

»lH6D&1t«A7^-i>l. Br-5r2ii, 
Z9 0iC^-ry-^i|8^E*ft27;ci: y±lS*4\4. 
r - 31 |Slft27lcfcfc*a^r- * R T^- 31 28. G 
X-^ 2 9 , B T^-ii 30**-^ A 6 4\ * • 



5r33tciy. 1/ - A 31-e . 4&tti 

yigU*'t?>hb, ^ <;> * O > h fi R 7^ - 2B, 
O T - :> 28. B r - i> 30 & ^1/ :^ IB «5 ? - ^ * fife 

fflateIBI»I3. 7= - 1r 1/ M4 fe^U-rxggft 

- * 28, a 7^- 29, Btt-^ZO VfiSnm tl^^ 

fc 0 ;O<«310-C 5 . »3iaf»i R -r - * 28. O 7^ 

- * 29. B -5F- 30 (Ol&'^^ffi (0. 1.0,) 

* x;&i^i k: 2 K 5* hxi,x2 ^ > rft! 2 

avcJiifc, R-r-i'28,G7='— 3i29,B^ — *30 
O 4fl iir tc J:a7=-3'*liKlSJftl70a5:O7=-iiA, 



4*M^ 2-199498(9) 

A.B*T*n^*v(0.1), <Orl)/<0. 
1) (0, 0) *®fc:«3ie3l ia<3!)47l/ 

x-^i-feUir M2Tja«*nfcx-5'IIA,KaW:ffita 

«icafer/«;^««f7t)n, IP31H kiav-r J: 5 iciWHf 
■raxKvhCO^^/<;i/J«.tta^5r-3r (A, B) 

T t tr ^ r a . 

I»31|a J: U 4 :? U -AWara-r ' H' 
a«ff03«<&«llfc8fcUraa?5*-irR7'-;^ 

1, ot^-^tz, Bx-iya-c4§^^t*v*#^© 

as S: ^ t . -tODffl^-tfr/i^ (0, 0, 

0)<^>0$0, (0,0,l)(3Di#2, i 0 , 1 i 

0 ) <0 8# 3 , ( 1 , 1 , 0 ) O 7 , ( 1 . 

It 1) tfD^82:«U. a & 8 8I«^ 

^ 3 * . «t ft ^^^71/171*, 8 « SI o n 



31 



32 



A^-f^i Ax-5i 1 , B X — 2 , C X — * 20tt: 

lft33Ia^=svr7^-*5l*Htt27^cJ: u^ffisn-6< 

*'^yhJfti:R7'-*Z8,af^-5r2S.Bx-^30 

«:/^A/;^aiRx - 5 &jftig[»32-e ?a - K t , is 

34|gtC^-|'Ax-~3«l, B-r~^'2, C-r — ;^20 
Srf^JiE"?"^, d CD A X — 1 , Bx — C -r 

-j5i2flu:J:y7-r:/^*i;,7=-^t-buir*i2,tt 

41jRfc08»2S,7*-ir -b U 5r23 &^Ur, X^ 
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